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METHODS OF FORM NG ALPHA AND BETA TANTALUM FI LMS W TH
CONTROLLED AND NEW M CROSTRUCTURES Fi el d of the

WO pws093260 The present invention relates to taPtBUSINS/009763

films having novel mcrostructures which provide

I mproved resistance to diffusion. Specifically, single
crystal, nanocrystalline and anorphous tantalumfilns

are provided. Such filmnms are useful in mcroelectronic
applications which require a diffusion barrier between
a_c er. |nterconnect and _a silicon substrate. ﬁh g

%BMING MJP%A Ma &ETétTe‘\NZMl&YItF

Backgr ound of the Inventlon Cbpper netal (Cu) has
attracted con3|deradhddaﬂﬁbﬂhnannan an i nt er connect

| ayer..in silicon mcr ces becguse of
2B i g s AR £ BT g PFE s i gh
hRdserh SR \ﬁﬁéﬁ iRVl i stdrceRo Aftfhsih! @%%mﬁcally,
ration. O owol afe, J. Li, J.W Mayer: Appl
mn;% prystal, na@qcms)talhaeaml m@phYus tatalpm Mmsam‘ﬂ arovidade rSuch

n 199 However
s Ropyh oo s CENSUen peall e Ptwionarme
bdtw@enf Bédplpet MpEdrinkct 2l aehicos dutsstiate Methib@s1 depositing
carrier lifetinme in silicon mcroel ectronic devi ces
sych flmy,pn g swbstraign aed artiges harpg a tantalyy bagier filmgrg also
(S%Hﬁ&gnal articles and issued patents cited to in any

h of this patent are expressly incorporated

herein by refer enBﬁckgT%)ﬁh&ﬁ)ﬁﬂfeIlﬁrehﬁbm di f f usi on
barrier preventin on into silicon is
r equi FerPet Bretah (Cwy @tt@ete%oaﬁd@rﬁ‘?lé RESHIREAs aF‘d‘_\}*él?ComT%Ft
15 e{r%‘ §111]%n H}&o% 1c°e‘s gl Bf‘ﬁ% R% g@irsﬁ{/l]%; (L. 67&'] Q-cm

eria |zat|on due toitsre

fiot pilkyreid itkigh emimmb ugzam(t albaﬁtﬁugaﬁiomargistms nwmmmm 0.
energy for lattice diffusjon, .around 4, bglg Ta.
t

@w b b - Yo NSV e Bk R0 B2 E205) O
SREL Wrdidr. SYi. @ﬁg' R. h@ '(?'%%’ls ﬁ%&t ﬁmgMﬁgwﬁ&@Dw

tO ItS me t|n |nt an not react to produce any
hqos)de CuAntoEsﬂlctﬁaI oakes its: fatatiinipurtiy swhibh seducesitha minority

Y Ra . S PR ROTE et > B MUkl it

I9 8W(1@7 angdi Eﬁrﬁa@&tﬂicre%nam@&r e EitediStoth p@mon of
taviani. Thin Solid Filnms 140 (198

i@ls pat@n a@raxpgessiy/lm@rpwted herein b}é@ﬁ@ml y
Therefore, a thin diffusion barrier preventing Cu diffusion into silicon is

required to integrate Cu as an interconnect layer. Ta is one of the most promising
diffusion barrier materials for Cu metallization due to its relatively high melting
temperature (3287°K) and high activation energy for lattice diffusion, around
4.8¢V in bulk Ta. In addition, Ta is thermodynamically stable with respect to Cu
as it is almost completely immiscible up to its melting point and does not react to
produce any compounds. A. E. Kaloyeros and E. Eisenbraun, Annu. Rev. Mater.
Sci. 30, 363 (2000); Massalski TB. 1990. Binary Phase Diagram. Westervillie,
OH: Am. SOC. Met.
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stable. Ta filnms also forma stable oxide (Ta205) that
provides a protective |layer for Cu diffusion, inproves

waadiwespans t o Si O and protects the underlyi ng QCT/USIM5/009763

oxidation until a Ta | ayer has been conpletely
transfornmed into Ta20O . T. Ichi kawa, M Takeyama, A
Nqu,Aw,]gn,_,,_j.p@&gl_ Phys., Part 1 35, 1844 (1996).
Tant'dli desipkbywadi BlandoFrarcaviresttpraperaireseasinigh 35 ¢30°C, G-
- 30 h S A )
St 2 S PO PREOBROSE, SRS iftiete Raorbly
stabRl tal filirisWlsoXbfin 3QbIEAXIde (Taph) sieat pr@tideasgopratective layer
structure). Wien Ta i s depgsi tedd bgﬁg@h%si cal \éggar
ferdpditiusion. immyoyesdhesenstor}iQ2 gad PRIECE the paderlydng t-p from
f W=\ f hf fpi cul t
oNRIA SN a’f‘acltﬂ#é%\fﬁg geér{}g}gﬁﬂ%@y tgﬁgfo‘?ﬁl@d b §aghd fi cu

to reproduce a ave ound to require heating
I¢Hikave) DAt Fakbgama, oS NoyacTinod Appll Riys), Bextll 35ah8H4 €1986).

into the film and/or the use of specific base layers
such TaBtalNCHEE e Sk Phasey ity IQHTFFIE&QWOJ 15730 1S cmpephase

1 C tuge .of th ' | ol e
S 5BHRIS 38 T sf ot el Ak BREHAIGE ©
rwiwiv?cyemo-tma%;gemm gusthiase/(tdtyagoidietrueniedt WhenyT'aoif deposited
single-crystal a-Ta is expected to pe even | oyer
byphysien vaporgfleppsition (YR} W@egﬂt t%@rﬁr RB@S@%P%? @?@@9 sﬁéﬁmds
o3y B, A TR FRRDHS rRfe biribul BHERSIRCHPIREE Kl
rbquiRdRaiiQstheRubdraks intasluaivrdf low level implirftfes sntothefilons,
conpared with polycrystalline |ayers. Trl_{e?(grai n
apdion theruse of pnesificdase lyets such %,SuT%I‘Y betwieem fhg dilegtiis apd the
-%gt hs because the activation energy along the grain

0

undaries is around 2.4 eV (half of that of the bulk
| at t iThe micfdstra¢tore)ofdhinfidms pthyp en dnpgrtany oole ithgoysrring the

e S SRR beliirand sReraedgh bt oS a,
d@@ﬂ@féa&i{&al AN 14 &pelied o BELVehNGwHURlto 1ARVTRRAN DolihdHip

are unstabl e against recrystallization at high
scatepiega Singiescrysial py welkas amorpheuschayrerdayery ateieapecied 19ikgh

t enper at ur.es., studi es hav een_don

PO S gep RatHens e BRKlesd FEn 2O s WA feb B b
difchitBifARbnRALR, é&ﬁFﬁed withpoblcaRtAlinelayeas 8TAO gt have
shown a considerable increase in the resistivity. D
bpyadarier pryadasherinsuit peeapididiffysion pabs byeauss Bie achvation

Vit b btz otk o 1.0 i i
Bty o s aRe vaqhiltice 1 Ry 2.4V (R sl f bk e
diffasiore Ik dbpending dponGROEainouSlay sguctu®. Whiekingle A
Prey, C _Wenzel K N 3Sef ecf r bn. %1% 33: 269:75, T.
qrysiglior Ba layers FeiRgin stable with temperature due to absence of grain

boundaries and its high melting point, amorphous films are unstable against

recrystallization at high temperatures.

To prevent the recrystallization at high temperatures, studies have been
done to dope the Ta films with dopants like CeO, to achieve amorphous Ta films
and were found to be stable up to 800°C but have shown a considerable increase
in the resistivity. D. Yoon, K. Baik and S. Lee, J. Vac. Sci. Technol. B. 17(1): 174-
81 (1999). Also, low doping with N and O produced nanocrystalline Ta films as
diffusion barriers stable up to 600°C. M. Stavrev, D. Fischer, A. Preu, C. Wenzel,
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Mol arius, L Suni, J.K Kivilahti; J. Appl. Phys., 88,
3377, (2000). To neet the requirenent of |ower RC
waledoapoizes t he integrated circuits for future gROBPUSI008009763
devices there is a considersable demand for | ow
resistivity barrier layers. S. P. Miurarka, Mater. Sci.
Eng., R 19, 87(1997) Both a-Ta and b-Ta fil ns can
hﬁMﬁWﬂé@ﬁdM‘ich@l‘&tml Eng VB3t 269-7hiel . avribs & Zevgile.

Majartis b St e R o Bl 8505 17, £ CF B e

iIQ_H vileHRBt GH16R6r RO Refal |1fiftl§t1n!‘e§ﬁit@f dichitb fotfgiard gherafioher
crostructures of fantalumfilns, .incl]udi ngwglirsioérgious

devicesctheiegs mebnsidsrable demansk foploptesisHgiy baryist
S Y are e ted t d
ﬁmﬂ@v@ége& ‘%(?Lgié’fgo% 1?:’ rgjyéfbg]}?opert i )e(gegu: t oot ﬁreoiliacﬁ

of  grEyil oA P-TLHIAY &@Qﬁfﬂﬁﬁe({havmgmpalgwskaﬂlrsi ngl e
crystal and anorphous). In the case, of

W&rﬂﬁ@ﬂygﬁaIﬁlhrrﬁélawg}gﬁ{nstrwércﬁ%c;tﬁre%% ]f,a%lg%,slrlagle Soress it g
I{%ﬁg({eifillﬁofﬁc ity @elégigkl tél?cdn%(ﬁﬁse‘ a?oﬂgu Eﬂeefllhpﬁtttld@ bifain SO

or m can SO0 act as a good diffusion
Hoahddrks. (Gihéanicagstidctueds o Itan,tallhlndvlmsaslphlﬂmgl gmyorphous

i ie S%%S?@Ei‘p%i;%i?ﬁ%hﬂi e 49 Rt F6Iq are
%—igg r@‘vﬂl@ Iﬁ%mvéif Bisfaeion bater pipefileaias td thetladkost grain

nt durtng deposition process plays an
bdmnaaﬁa raitogemhe& (irthe haseqf singte wystaltiad Faorphioys)- dndhe erse of

oA L S BSERE Fbh0A JE h
tggtlf ef éﬁj&ﬁt‘: %rﬁ%uﬁ a0 Rkt Hs Beee tartiléd a3 208 gba:ﬂ ﬂifﬁIsEn barrier.

Ween opper and silicon", Superficies, y Vacio 9,
206 ZOﬁammtMbbr"meSlstm@rcqugégn@f@ Gybic tgmalum thin films

utteri.n chni ques f
siga baryig E i%&??%%?f}’ﬁ%@%r ag%oflﬁ 9“2?& isgp 'I%l?ﬂcﬁ‘ NA abs
%g?@bi BRLSAikMbdey ttﬁ‘c/ﬁnﬂidiﬁmmﬁeﬁtaihnng dquﬂmnfpmms plays an
dintegration in ultra-low k dielect %ﬁp
theprasoerede iottheigrouit ef theﬂialkfﬂn@ rRed thaf H@Eﬁn exhibited no
Technal.o NP182TA, UK,
eRPPEY- 6‘&‘8‘%"[‘%@(}1& PI%E?LE wd%ii}% tant al um di f f usi on
lbar r IkMolaithsi 1 ®.T sl ,e'ij gt—Sputteg;edahmhhnphmé diffus@y barriess
owk integration, an escri
hetplean coppepakalicas; nSURCHIFIsY Songy Zod 3?@88'@’% ¥e°:
?fsni]osé_s| th&hset rf-fptﬂg:ﬁﬁg?é mggé’sr dd @6 fcb’iﬁfbﬁ@ﬁ of emtdim based

nsitron meta grown by pl asnma- enhanced
aiffusion-dadyees. deposition”, J . Vac. Sci. Technol. B.

Donohue, H.G. et al., "Low-resistivity PVD alpha-tantalum: phase

formation and integration in ultra-low k dielectric/copper damascene structures”,
published by Trikon Technologies, Ringland Way, Newport, NP182TA, UK,
discloses the formation of a PVD tantalum diffusion barrier in its low-resistivity
alpha-phase in Cu/ultra low-k integration, and describes the mechanism of alpha-
Ta phase formation and other film properties.

Kim, H. et al., "Diffusion barrier properties of transition metal thin films
grown by plasma-enhanced atomic-layer deposition", J. Vac. Sci. Technol. B.

20(4), Jul/Aug 2002, discloses the growth of beta Ta thin films on Si(001) and
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20(4), Jul/Aug 2002, discloses the gromh of beta Ta

thin films on Si (O ) andpdlyctystalliniPSi ti bs s"
w@b@swoes2enhanced at om c-| ayer deposition usi ngp@eC3H05/009763

and atom c¢ hydrogen as precursors. The grown filnms had

a resistivity of 150-180 ntcm U.S. Patent 5, 281, 485

di scl oses the formation of al pha-tantalumfilns on a

peietlySlHEF SiolibSeedy niasnrgenhenend afemisplayeraleppytiohusing
itrogen environnent. U S Patent 6. 1. [ &6
RS RSN HUBOETor R PR e PR TRs DT F SRRy RY B8
15e0fgdl e nitride film where the gas pressure is
limted durinﬁ\2 osition to produce a_ tantalum

d
ni t r id8. Paterh &1e 83 digclesge sl formafiongf alpharfantplum filmgp op a

SRSt Pt AT O RE R P BAEERERLE ol Bh il
f or mayisopatefit G 0,598 disdl@ses b @sdtistd ofi deposilipha tangatein film

beta-tantal um fi |l m usi ng, sputter deposi.t 'i.on Hgﬁhods
Qvistlayiag e santalumatiride ddm, wheye the, gasfressuirgh LERISC GHERE o5 es
il i r}gxc,fa] i APGP4E] Jude Qi
(c?)eg 0%%%1&{ Igrlog(?nc\éc?m e u?rIP @%{(geﬁ%lrﬁ}egy a%g?g@spﬁgsi red i se a
do@pr tankdlninbfibn Amdng e bodpbentered kdic (hcc) srudtyrg. t ant al um

fil i h i.red m i ch .
useq Bompaiet &8 e dingioses HE/RER AU S il By BBty .
agg%d- GRS beRUIIRLN @i L98: $VBPEHRIHAA GREEARGhY heatsd one

ect the present invention provides a tantalumfilm
dubyirates.a nanocrystalline mcrostructure as

har act et zed oad x-ray. diffracti 2
oo o Bafehne a3 S G ah A b A pfiReBE e 2O
ﬁﬂ&?@g alerdtReSdtaluf 38 My MAefdonm havi ng a single

cry crostructure as characterized by an x-r

a

di 11 r Witat rlegieads atepzaiuciie andirinbleaoethod of fogmmegaytalum
ot. diffracti.on pattern is .nroyij

lriniutvicg 18 S0 Bt hdmie e st ot ler Bt ithe

PRMLEHNAST rARIcRRAYSC @b @St ruct ure as characterized by

a diffuse x-ray diffraction Eeak at. 2Q= 30-35 and a
di ffuse ring in thSunupssyefthelnyeniion; on pattern.

T AU RPN AT FRatian
hah@h wandorystal besipidrestmcurox diargteaizedi by & beead, x-ray
8&%‘%&2&]% refe-_b gg‘jt %@?qo‘ﬁggqqilg %fetc{rglta Gitfrhetion rgﬁgrs]g a

In an additional aspect, a tantalum film having a single crystal
microstructure as characterized by an x-ray diffraction peak at 26 = 55° and
characteristic (100) spot diffraction pattern is provided.

In yet another aspect, the present invention provides a tantalum film
having an amorphous microstructure as characterized by a diffuse x-ray
diffraction peak at 20 = 30-35° and a diffuse ring in the electron diffraction pattern.

Methods of depositing the above tantalum films are also provided. In one
aspect, the method of forming a tantalum film comprises providing a substrate;
optionally, preheating the substrate; providing a vacuum chamber; adjusting the

deposition parameters, chamber and substrate parameters as necessary to achieve

the desired microstructure; and depositing the tantalum film on the substrate in the
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wWorR@sos2siict ur e;

deposition paraneters, chanber and substrate
paraneters as necessary to achieve the desired

the substrate in the'v ¢ u ressure of 10 4 - 10 10 by
a nmethod sel ect ed fromthe group consi sting of
chem cal vapor osition, ther gyaporation,

& @m@%&%ﬁéd@ﬁfﬂ@ @Ea}resser&mf é@l t—ab@y bﬁﬂmﬁt@q selested

i tion hod r $i s
TRE R et onSRRMEM choficit vl BB uRpal iBbrason.
(Slepleftdd) Qﬁbl&iﬁax@éhﬁ?ﬁltb@@ Qfonﬂ@-ﬂkgfét Hd:plﬁltlohﬁca’ﬂllibdlc arc, laser

addi ti onal aspect e invention, provides a nethod of
agiisiers mqtﬂg)r&ame Plasmaenhancad. sRUeriigy iy bepm depapition
tantal um depositing the tantalumon a
pgil%g(g?dlrséﬂt({e%% %Egn'quenchi ng the tantalumto kinetically
t r ap I he additoph asprect, dieninedntian tpeowidesat method bAtepositing a

formatjon of crystalline phase.is sse I n. ot her

G4 o SRSl OB P G depostting The

téﬂtﬁﬁﬂﬁ%r@&&fb@@ét@ \q ubRcHidl/ihg gaxfﬂalﬁhﬂ th &R isaBstaphe. 2

tantalumfil mdeposited on the silicon substrate and a

apwppleus fayet aespesade tat fohmatl@mo‘réarumlﬂmb phasens suppeessed.
the tantal umfi.l mhas,an anp

nb
T Jo PR Aot g DR Mkl N TR es RSPl Ric gevice

hfawnglafm:oa SUBARSE, xsmalhmﬁﬁme@bgsédrmy kiicon Bubfstthfcl@d a
enbodi nents, the tantalumfilmhas a single crystal

cnppnma,}ter disposed. onAhgytaofalunh éitre. érrtmm emhodimenis, the tartidlpm

| ude an addi ti.on uf f.er d .bet wee
fidieg gpepPaeus IO R Rk 5 oghet Eapafiniéhes Bt GERREAim
hfasJ b hRRScrydidllind fddrednlurs; e flrtek @iMbB@irrwﬁEk- tierrhthing film

dr awi n%efsr det ai | ed descri pti on and appended cl ai ns.
hgs p einglRespstilpnicomstragtureh Amy eftherg suhedinensean fgFhersinclude

ARBTG5 NS PUUAIB S O s

f or matheQfvehtioh iid 1ﬁﬁBth81Qllﬁ§tra$¢d bycthe folldsing abe-libfiting tli'lmungs
buffer (Fi tgure I(a)) and with buffer layer 40 (Figure
1

drisylpd descgiphen and appeidedygldimex- ray diffraction) spectra
of Ta filns dep%%iei‘ﬂs&? t ',{Amkmamgsate by pul sed

| aser depositio g. Figure 3 is
a <1Iihe invention sefurthemidilistigEdd by e dolleping dfaviags inl wisicln
Si (100 substrate: (a) |ow nagnification i nage show ng
the gngireq it BiselenREis cﬁ&ss@mroﬂmtww Ioaycsrmau()b)ra fllms 20 on

hi gh-resol ution image with an inset show q
s i0op stlesiratg Hhwithout buffer (Flgure 1(2)) and with bufferlayer 40 (Figure

1(b)).

Figure 2 is the XRD (x-ray diffraction) spectra of Ta films deposited on
Si(100) substrate by pulsed laser deposition and magnetron sputtering.

Figure 3 is a <l10> cross-sectional TEM micrograph of Ta films on Si(100)
substrate: (a) low magnification image showing the entire thickness of amorphous
layer; (b) high-resolution image with an inset showing the selected-area
diffraction pattern of the amorphous phase.

Figure 4 is a scanning electron microscopy (SEM) micrograph of the Ta

film surface with inset x-ray EDS (energy dispersive spectroscopy) spectruii.

and depositing the tantal um f PCTUSIV05/009763
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diffraction pattern of the anorphous phase. Figure 4
is a scanning electron mcroscopy (SEM m crograph of

wo b@s/095263 | m surface with inset x-ray EDS (enePyusS2005/009763

di spersive spectroscopy) spectrum crsVsectional TEM
image of the Ta filmwth the |ocations of the EELS
anal ysis; (b) EELS spectra corresponding to |ocations
1, 2Figidatiek WMErdisgiectona B TEMAngige ef theiFa film) with thé r ay
diffraction pattern of the_ polycrystalline b-Ta.fil
Iogrtions(aidby EBLS epelatisdh) BELS Snﬁ%ﬁ-#g’éfgmoaﬁnaﬁo 1R P Hag s

3faﬂﬁ4ﬁﬂlfi¥ﬁffiey(§$ alline Ta filmgrown by MS. The inserts
are magni fi

L

ied Cu/Ta interface with absence of _
anor Fipus 6 Ta@am Xdray éffditidr pesteinoef thapekyeryseiline{eTa films

£l Fi . 7 AS, Sl . ' Cu/

i Bpiiafog; & Mg BPA M B3ty s oINS 1
g HePPBY MS! TREMsEts drB siaghifiell CaMTa Widrfads iwath adkerde ofas
observed in the anorphous Ta film _Presence of O and

agiorpless abzﬁsranéd?ft diffrfptionlpﬁﬁem@iﬁ therfilgy t he
5 OB B S o Ei o
Showd R sREvE IS ot bl SR TR DY

ahhdaned(a)-680Eradinbnd () ACdémisitdd $dmplanths{ghjfiast diffusion
deposited sanple. Significant diffusi or} of % was
of byisyasepseredh ) the piporihops ha i, PresgrceofRpnd piWihe i
tr€, oiE Qi ' W i £.0r
SHBF BB g SR 1 gfe RSP,
M N Gagise 8ghdwe SIVIS prrafiles afaCi/polyofystatime Tn (MSSi fHingla) e

10 is (a) _a Z contrast image for the anmqrphous Ta. .
aPPss RS A1CE o i G50 (0) 95 Rerosiipd Sepmle: SIERML Gt FLpigR of
. AN, ‘ ¢ ’ ) EE ¢
PRl i B S Bl L g B ete e
Fi guriRgukd 94ihigh-retodation TEM imegéssor Ta fiymrpsewn by kM andof

T P |l yc. talli T in.th
Pasa SR A rod S RSt Bieny i for Oher T By ©
ar e q5aHe 189¢ () @7 ontia@Wmagd for the £h&PhE TORINGs ARAleE at
having a silicon substrate 10 a tantalum | ayer 20 and

~050%p purl HayBre ©6)] diffuston(distance ipindicated byj theaews.i (B)
buf fer |. 40. Det ai i Pt f
B Sbp R S B phQen R B SR )

i Nt IRg@%¥anRhess ekctichigssstbityensiseiRneyRIof a8loyphous Ta
(%Eemfl ed, all nunbers nmay be read as ifqﬁef aced by

D) e Holyemystatline Ta@fS) i the empsragdargenis ioe¥BKess| y
ap pe%iguf@i $5%a) 21 HRE hRL-sERBAA Vi&Fd $f‘éjmicroelectronic

device having a silicon substrate 10 a tantalum layer 20 and a copper layer 30,
with (in 12(b)) and without (in 12(a)) a buffer layer 40.

Detailed Description of Preferred Embodiments

As used herein, except as used in the examples or unless otherwise
expressly specified, all numbers may be read as if prefaced by the word "about",
even if the term does not expressly appear. Also, any numerical range recited
herein is intended to include all sub-ranges subsumed therein.

As used herein, the term “amorphous” means substantially lacking
crystalline structure. Also as used herein, the term “nanocrystalline” refers to a

crystalline microstructure having a grain size of 5-1,000 nm, preferably10-100 nm.
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herein is intended to include all sub-ranges subsuned

therein. As used herein, the term "anorphous" neans
wammsgsss al |y | acki ng crystalline structure. PCBHUSHS5/009763

used herein, the term"nanctrystalline"” refers to a

crystalline mcrostructure havi ng a grain size of

5-1,000 nm preferablyl0-100 nm' Uhe terni"slng e

Rhey@tra"rsmgle cnysfsl trofess toeartrntalm filnh eharprietiesddyyi a@e@sweéﬁ

absence ysia

RESaaP B PRTEPa et 6 4 el MR PR Gy i s
dss&hérelmhesérﬁg* & Y5kl ink106dsufgsrislBritiouelaryd-apet

| ar ge- angl e boundaries but may contain dislocations,

opp eahut menedtaig disioqatigns, Twias aed Hadiag faulie) Thederm also
1%&3 éérl gé) Fe 4 en?e,rdI gtﬁg (ﬁ' %édscr ﬁﬁls Whéﬁ grd

crys arge crysta

d‘-nh@g@fbryhﬁy aﬂar Bed asthogpethey yat adingle-cnysea of mhea niilaaemjmged
crystals are used |nd|V|fuaIIy as singl e- crystals)
QW%IP agspbindpaduatly agsingle-¢rystils) m deposition are known

int h@u Libus Y &Jgdg@f fedaid fﬂﬁ{ él’éﬂ)%&ufn@ breRIRAWR 8 the art. Such

chenlc vapor ep03|t|on evaporatlon
rﬁaxho@d iaclate dpr exaheple Ichemhelampepdetmmom\mamal evaporation,

Geltion iteedn gy MR GhRaR G RbEiiofERER

RIS e G 2856t IR DA O PlaSina icARarBR P o iipanbhgds
i on beam depositi on and pul sed | aser dep05| tion. Any

aich thBFanegretion i éah bmnhsnwem igyebaagedepositigs 584 iptﬂSf«qlw e
S B e s o B RSO Lot e

AGRICTNA ¥ the Preamn@%ﬁsﬁ b§ sédmag e RN bint depesitiboand
provides a-tantalumfilns having a nanocrystalline

snbstrass vaniablasr e, as char acterl zed by broad x-ray

diffracti an peaks at_ 2

conti Eﬁ%@n%f Vet 1O81Y a&P‘%‘%r AP Ire%%ntfiﬁﬁenﬁgn $ﬁ%&£§§g&%&lum
filyERvingh @@&y@faﬂiﬂedﬂ&rdsﬁu&ﬁﬁ?aﬂmmémﬁﬁed by brdadnt-estyum
films having a single crystal mcrostructure as

difiaaciion eeiksdti 207 8 53 2pdi§O desreesaatlcoRipOyR cleptrordiffaction
1(1n Os?erh%r})gesgnﬁhééﬁﬁg'ﬁsto' froviB in Sb&E ehdBafthdnkd &‘-@iﬂtﬂﬂmgfllms

correspon to a lattice constant of
nzmlngT heinglergyseal mymmhctumras aharactéiized Hysem Xoeordiffoghdn

l o t h t i
Reka0 Th e om o chereryaris worEedio dilfragfiaRerfhe  have
&?}rgég?(gnsdlu??éosi ladick ¥ohdtardt BE0R3RGE Phe Pkl @ Eaiitalivk €116

IVIty | NCreases as graln Sl zZze ecreases. The
fiad been &numdy(seeadxasnphechaleentoshate 8 O€sistivity wf bhtmcn 4§30 u& cm.
sonmetinmes 10-100 nmthick, although the th| kness {)I
¥he 9&@@%@!@@ deptelm Silmshaye, hh%hefdréwé\@tx i\ Fadlﬁe O%NB

ﬁ 'cm, PSvhere the resistivity increases as grain size decreases. The films are
usually between 5-1,000 nm in thickness, sometimes 10-100 nm thick, although
the thickness will vary depending on the particular device in which it is used, as
will be understood by one skilled in the art.

In an additional aspect, the present invention provides a tantalum film
having an amorphous microstructure as characterized by a diffuse x-ray
diffraction peak at 20 = 30-35 and a diffuse ring in the electron diffraction pattern.

As described in the example, the amorphous film has been found to have a
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will be understood by one skilled in the art. In an
addi tional aspect, the present invention provides a

wo avsabazes fi | m havi ng an anor phous ni crost r uct BEEUSR05/009763

characterized by a diffuse ®-ray diffraction peak at
2Q= 30-35 and a diffuse ring in the el ectron
diffraction pattern. As described in the exanple, the
BsDEES U8 501275 has clhe 2l hedefilnis@singie ergi siambanysiellime and
250-275 mWcm AUthree filnms (single crystal,
amamboysthave bera fanad terhsvp mem@;gfuﬁav distaaep of lstmtran 30 pay e

[ [ o
R b, op e betafRE VR SO hour.
§BtiicRe oty hipdiesized W ekist, Hedahodtgseylliny, siighe eiyzatiand
exi st, the nanocrystalline, single crystal and

AMOFRIONE ot AmEhaYe neyeHbafareliesr proyer Bt aalyficymends
gl vi: . if:

Kot BC R peaBo A1 Y3 B o Bl il lciaed fora

seayearsech SULA{NSTaj@g, Ny othba Apes obmatetinker types of

material. Ip.an_additional aspect, the .nresent .

| nvent? 8hagAioRA aer tirdHesest Iy ERANOYE ?&I&Eﬁﬂfiﬁr Pf fpgming
tAuRUR oA S ubsihife. TR R CBMbASS ;Pé\qmn?'arlﬂbﬁrate;

substrate; optionally, preheating thé substrate;

pptonadiynpreheatiag thmsubbtaatbeproviding savacope chamber witlkkas ur e

f 1Q 4 - 10 10; .. X i,ting t t | fil
Snet G ot O 10 P 0 SRR R ok B LN ' O
3&&%&&9 thd %Ehﬁﬁ%h%@é%f@ﬂém%ﬁ's%e@& froReiE %?(%upV@i%@Isting

eposition, thermal evaporation, (accelerated
wb cleailcalrvapedapegitivaxthergiBEyaportioni @ctedsratedpmplesplar bpam

ALD thodic arc, .l aser iste : l,.0r '
PO Aloutic Tt codPiog TSN, Shodd R R gneca
Rug ] pladfalenBaiRes | spinedtingPldd)bealdrfp6ditib0mdpul sytEhers,
such as average energy of species, energy density,.
slepesitien (PAM)o Weppsition Darmalprh sughasiayerage rergy ohspesics,

| aser S|l . I; '
SBRES S BE b st p PR e A RSN A
tdepeditibrs fer dxamplis aieradfhstadao dst appodpriate. seBings (@ degeribed
chanmber and/or: substrate parapeters (sugch .as
irabfe vl bRley) tarashisNe tiei desuHMARTORIY opaH I s hagher

r ] . e.

o B3l TRkl Bl 1o Rl REDRLCAERI] bichin

\peopentics) dedsi ddjcned e pnevide theaesirqigmichestipatusare®ne skilled in

the particular nethod o be used. .Any sui tabl e.
ihipall pan gt e sartbaiia et AReoioR metts b 3edine Pre
84 f6MBe Baticelhembiondo bahsddcat ed. Suitable

ubstrates include, but are not limted to,

Any suitable substrate can be used, depending on the needs of the user and

the article being fabricated. Suitable substrates include, but are not limited to,
polymeric materials, metals, ceramics, fiber-reinforced materials, and
combinations of any of these. Preferred in the fabrication of microelectronic
devices is the use of a silicon substrate.

In one aspect, the operating pressure of the vacuum chamber is between
10* - 10" Torr. In some embodiments such as the amorphous microstructured

film, the operating pressure is preferably 107 — 107 Torr. In other embodiments
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pol yneric materials, netals, ceramcs,
fiber-reinforced materials, and conbi nati ons of any of

wo b@smoos2Bs eferred in the fabrication of m cr oeP@USTING/G09763

devices is the use of a sil¥con substrate. I n one
aspect, the operating pressure of the vacuum chanber
is between 10 4 - 10 10 Torr. In sone enbodi ments such

‘slecht d3ait dteonpfiodief depobitisg thectingle drykial and vanecype@tlinei ng

rressure i referably. 10~5 - 10 7 _Torr.. I;n 1

RN e d SR i SPrtina s pioerabRg sithg o™

cryst @ seiiélasprB9ahy sitRtrhie R pidh&t&Blor e hipeRerk iof M80° thhe

operating pressure |s§§,referably 10 7 - 10 10 Torr In
&, a8 et temperatae ofi h3¢°r 108 andsthe regyliinedantalying film has a

g

0QRG
R PhotRBube, FARRE 5t bR LR o
agaectiped il hi NS Patéit G31061CB U The sibistiatdie prehemedtsa t he

substrate s ggst axi ally grown as described in, ny %S
PrapRsRtuLs;, of 801 w3/ SUYResomighBies §8€ -0 70" risti éafenpsitiong The

o o o r | o
VRGNS dBbodiBdy Bafet Hseon MR IR MBS SH06PI230knd
diearesultingtantulung fin hde 8 singleadystal rhiSrdstrd&Grel ZBgthand t he

RRgtsis A TRs LA oL HBERYS FRF FHRbS POt Fo cxample,
%m%ﬁisefa mgﬁ{néggseipb}, R iICRILWMEINIRPE! FEhmbiBho® el sn

usi pul se deposition, as is known in the art.
Fbins dnhisrmoh ceqiredithianthe substiateshe prehdasednand thegubsteate t hat

t he substrate be preheated, and the bstrate ...
R 8 e BRI MARTE R DRI BTG RHiG) vp to o
Lenpeh@kdersodd 0C) up to a tenperature of 7500C. Wen
the method of deposition is pulsed | aser deposition

t he fdVhewibegngtlodaofalepositoneispu]sed laser depnsitigy thecielpwing

f 2-5 joul es/ 2 £ : 4.1 oules/ X I
e oORg S shired BB BT 2o h iR Borites 24 °°

&4/anY tpulst AaratidR 3 060NRABIs SISV STHetERACI SE 30, wiavkleagth 193-
93, 248 and 308 nanoneters; repetition rate 5-10

1368 nanametsrs Wity speeifisrvalpgs 493 248 end B8B npromeielg; IfReGHIQMiate
yl ar. am eni f it '

o AL A A e e R S,

tepRaMaRBGH of degasitionds gyedduce oxygen- doped amor phous

tantalumfil ns. However, the . )
In an additional aspect, oxygen can be introduced into the vacuum

chamber to produce oxygen-doped amorphous tantalum films. However, the
method of the present invention can produce amorphous tantalum films without
introducing oxygen into the chamber, the films having an oxygen impurity below
the detection limit, less than 0.1 atomic%.

The present invention also provides articles such as a microelectronic
(integrated circuits), magnetic, optical (light emitting diodes) devices, where
diffusion barriers are required to preserve chemical composition and
microstructure and hence retain useful properties of devices during their operation.
The tantalum film can have an amorphous, nanocrystalline or single crystal
microstructure. Figures 12(a) and 12(b) show cross-sectional views of a

microelectronic device such as an LED having a silicon substrate 10 a tantalum
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nmet hod of the present invention can produce anorphous
tantalumfilnms wi thout introducing oxygen into the
wae b@sioes2e3 t he fil ms having an oxygen inpurity bPel/os2one9763
detection limt, less than10.1 atom c% The present
i nvention also provides articles such as a
m croel ectronic (integrated circuits), nagnetic,
laypt 20 aitd-4' bﬂmi&i‘ Tagen 30; vty (i lﬂibb)andl emth@ats.(m WA@))ea bUfer
iers are required preserve chem

di ff
1 M ShRTherls B ETRRE fRergg PP R S G S
k{%\%)ﬁ{ fhe qfhe‘iﬁi’fe{;ﬁa?e@dﬁ ibBYsddWWith a @RRAIEH B haWies any of

tantalumfil mcan have an anor phous, nanocrystalline
tlmr absmglbsarxbmj stietostricturos fn g&lﬁu¢reb0@nguﬁsetbe npcrgylevigelcan

sectiona .C
neyt SR e i e op A SR R G BF  BRRAR ]
maddtadl umMay a "eb p y'er |th (in 12(b)) and w t hout

(in 12(a)) a buffer |ayer 40, Methods of copper
deposition in mcroel ectr dRXRAMELE ces are well known
int
tant APUPS ] Bl RAFort @2 (PR fqfuf imaging
pRovideasontiad of elemehis basddam dffedéasin temit hembec@ddevi ce
can have a substrate other than siligo such as.a
VA i HerDaloas cSpraRsRe!
2515‘ 'bg QefebANSHk Shkate étﬁ%al%?-ms%mﬁ&aew& $SREPhrbiular
trast 1 mading provi es contrast of elenments based
eIHmeihl f Bethesfakese inretiadds pravidepdyenrful Kﬁ)lﬂ@{@hﬂgﬂ@ﬂle diffusion

El I
PERB 661 0Hlat ARSI Eh B3 T GBI (PO IBER AT SETRPPAET o
Sthﬁ%PEQ Shet rebOIGti6h RO BRI br@ér IrNOnRAtHus Wisidg HRIERAL .
Bot h" of these nmethods provide powerful tools to

SN Zneamerasthienaginigfand iE3LSp piofrli¢ strestureimaging apd gpapesitional

reC|S|on 0.1 resolut| on ed to

s Stedt piaiooAB PRl wi PR UG s AR ghR TR

aﬁQﬂ?%ﬂouI%‘ Singlédr@al HIRbENE reﬁﬂfd\&oﬁlﬁa@éﬂ Wik largeragiarsgvesnd
EEL atom ¢ structure imagi ng and conpositional
S&H@Sysm were obtained on a-Ta films with
m cro . .
cr yseaphd iR AR VB R BRRAAE rdeindl oh Smoghous
t6 hblﬁiic@ﬁstalﬁh@fbapdly’t?diys’wllim (oanﬁrgif) cxfySﬂahWew foi'med on silicon (S1)
m crostructures rang from anor p

sahstengasyithypnd Wichew baefpx/lemt Ehin, fHEIStog Aépb?gﬁaetaem 4P
B Gl LR AR Ao b MRSk pRal o

weae Tabricated by non—ethbnum pulsed laser deposition techniques, and their

electrical properties and diffusion characteristics were compared with properties
of Beta tantalum (B-Ta) films produced by magnetron sputtering. Single-crystal
a-Ta films are formed on silicon (Si) substrates with and without buffer layers by
domain matching epitaxy (as described in US Patent 5,406,123) where integral
multiples of laitice planes match across the film-substrate interface. The buffer
layers such as titanium nitride (TiN) and tantalum nitride(TaN) were used to
provide a template for epitaxial growth of o-Ta. Microstructure and atomic
structure of these films were studied by X-ray diffraction and high-resolution

electron microscopy, while elemental analysis was performed using electron
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with grain sizes ranging fromnanosize to single
crystal and anorphous tantalum were fabricated by

wmeows®ea2sd | bri um pul sed | aser deposition technPqres2005/009763

and their electrical propertiies and diffusion

characteristics were conpared with properties of Beta

tantalum (b-Ta) filnms produced by magnetron

&étgyﬁﬂﬁ“SI SpactroSEepy sidcX ¥ e dibpeasiVeardalysiss Elierebigtivind on
ilicon (Si) substrates with and without buffer |a ers

%?S%Ww ifrdfiecRmRgraBpe gy (iU UOEPIEE Ao [P g
éﬁé@go B& 83380 ﬂ]gm'ffp{ £952 kst e | BlBpsp Pa”fcéﬁﬂdr%ﬁ) %ﬁﬁmscm

mat ch acr oss m su e inter ffer
ﬂoaymmsphsumianmmm i(‘taaBa’UniThe tmmmmt(nr'él aupfiaoneht o nesativity (TCR)

|tr de ed to provi. at I.atef r )

B TR P wite fopre o bespbsiive S i latie rptal i pehvior,
Whild/PCRt6r £Ta tm@ $8edtive! r@la%fe@lsﬁé uﬂhlgﬁtr&\zstwyaﬂsordered
diffracti on and hi gh-resol ution el ectron m Croscopy,

mmalse Asherphonsdhntalya 1}§tab1€vl@st0 ($8P178P e dElesirag energy-loss

el SNl apd RueeREF AR Pt e

chfygeﬁ eset ah TR 1181336 bé ks 8RAK)1 z&bmmai The EELS and
roomtenperature values to b e 15-30 mWcm for a-Ta,
sr«sgldzmommwmﬂoama (SIS sranping trapdmissioBelegBR phous

e

(e TN swaw@nsh&w el et 650°81 dn@edlizigabt 1 br, laenamcbﬁngl\mﬂrj/sml
TCR for a-Ta was nhegativ characteristic

¢rilgilms Bave Jegs thyn Wnghty érfﬁalqmwé%ce W&Hmﬂlffagstelaﬁ? dRum
flﬁ’ns%{a%’ El?os%tl%]g‘éﬁ é@hé%g\g&uﬁ %uh@eﬁfes Thus, a-

Spectroscopy scatterlng
’meaawileg‘le-mﬁtas bebwesioody gear supaﬂcﬁrmffumombaimef fdri@ t 0o be

than 0.1 %fom % fﬂﬁ EELS aﬁgnf @onda .1on nmass
{ZP%%%?PB(Y OLYYSIHHP Y 2l & E’tnﬁc%’iam
ﬁ@lﬁlﬁﬁ%o e 4l ﬁﬁ@&m g%ér@s DA B SRSle R RE4100Ma,

ener gy-| oss spect roscopy (EELS) studies show that,
wherecon@s @V immmsmglvitm epitaxil laygesTef cxle, provide an optimum

t ha
S endpEForieCpafE R o bey Ery R R av e
&hastantial Cu diffusion specifically along grain
boundaries. Thus, a- T a and single-crystal a-Ta

pr ovi Diguses ) and pey) jast crass Segionsh Views of arcioglecirgnic
%Rfa}r% tfxgttlln bcf’amgétgﬁjaécgrcﬁ %Csr e%ﬂ&d Iﬁs gf"th@[])gesent

ontal nit ng graln oun aril es. e supe

givédtionl oG showpeh Figelse mﬁ), siliden substraxe 1Q) for examplala (46(Na,
when conmbined with lowresistivity epitaxial | alyers of
Hliqop. substepse. depravidsgt lisehpiquss fenifabriqating siispe pubstrates are

WEfi ﬂnl)\’v& & ﬂhegb § CfQﬁﬁttﬁegﬁ'pﬁ{@ﬁe'eﬁ Rofhd &&SBRbed further herein.

m croel ectronic
Also shown in Figure 1(a), a Ta thin film 20 with amorphous, nanocrystalline,

polycrystalline and single crystal structures of o (alpha) and f (beta) phases, is
formed directly on the silicon substrate . In some embodiments, domain epitaxy
(as described, for example, in U. S. Patent 5,406,123) may be used to deposit
single crystal Ta films directly on the silicon substrate 10. As shown in Figure

1(b), in some embodiments, a buffer layer 40 is formed prior to growth of Ta 20.
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Figures I (a) and | (b) are cross-sectional views of

m croel ectronic structures that may be fabricated
wW@aews/0ei268) t 0 sone enbodi ments of the present PCT/US2005/009763

i nvention. As shown in Figute |(a), silicon substrate

10, for exanple a (100) silicon substrate, is

provi ded. Techni ques for fabricating silicon
Riebeliféd S Eoneakiiniple) TN of TalNhmag bsgidwieh the fereofsingle

an d n be .descri ped further Al so shown
Crwt 3@9@1 fe the fetmation of sing %ﬁ%e'f# ilgsor phous,
nanoqromlﬁé lefneschnfeﬁis,YSf Mé dﬁdubg@ﬁe@w&e%u&aé&tﬁemakhe

structures of beta) phases, is forned
n@tw@@mﬂy layer arhvenctl 5nmahxck ubisg ﬂrﬁi wlutidn, axbereate hydrogen-

SRR Ttop s iRt PRl R B 1555 e ued 8 51 (190) by
IQ@WBE (BloMPhufr GEAF E@'tax-gij‘ fdrinais, pHlyceFsdand @mtgl@crystal o-

silicon substrate 10. shown i n Figure | (b), in sone
) Pielpdslases depgsition (IP&Pé forgpTh,ndl by s Mpgriegron Sputtering

(g,fgagpt_»ﬁsof T a 20. THeSetitrfferiayferstfor exanple, TiN

or " may be grown in the formof single crystal

whi cFdk diffsidnasheliés) tn-§iar d@bhﬁﬂn Gf usiforgl €u tdy¢sb@thela

filns. Faor some enbaodi ments, Si_ (100 subst_rat es were

Ty ilioy S‘f‘lﬁ‘“?‘@ﬁﬁ% cqrred Ak ysing %‘xlpd Eor By the fdums qvere 5n m

el didh oFinRe Mo e R R o R Yy D
pampSio a(bh@@iorekmrd_aism ONBforf, MbleRCLKER exvivaes lapirt(2x348 foy
nano, pol ycrt)ést al and singl e-crystal

Toapsh s 4isdl RS Gbltion A dpans ChigaresisT he hfepragpeira and
w@gﬁﬁg% ts! folftd OB farir € arkd hofllet, itk MBlaRl RS,

sition of uni l'ayer ‘on the
chargSidensig) ofﬁ,ﬂbé 5r¥em’s 'Dvamddar filreiwengtdepesited aPa BiselFor

OO R ShBaD eV LR By i bigving BBl SF ah £

WnRAS&pRIRS _re of Ix10 7 Torr where a KrF exci rrer
| aser (k=24 t~25ns) was used for the ablation of

Ta arftpr @asetrsM@Et an umhéngiwaq@mers@@mb%ewmpqdl Wjith blghrwer

K3 R 3 e JE%&E?%S@’%@& Fhett kB AE pllalflfts wdRTS

fElloWs:|base pressarslepas’tier, aéseﬁpdlasﬁte dfenat lOtH A Naseatzwligion
5-10Hz for 20 and 10 m nutes achl evi ng_thi ckness of
woEkngRd 28 améwgi&m% Ry-35ps5e, lasps @nlsgppergy fexit port) of
\ 2p Kr F
PEEERRL ST e S
dbppsition Ao gaspafrm% purivg veas ased ailal foows ratds)aﬁﬁo mcasémmr@ -

ax1 Q.9 | a Ise rate of 5 to 10
c}e)éaq?ggx? Ogfhollow cg od glegtron source was used to sustam theadssclharge at

3x10™ Torr (Ar) during deposition. Ta films of 90 nm thickness were deposited at
300W, which yields a deposition rate of about SO nm/min.

The films were analyzed by X-ray diffraction using a Rigaku
Diffractometer equipped with Cu-K, source operating at a power as high as SKW.
The RBS (Rutherford backscattering) measurements using 2.0MeV o ions and
EELS studies were made to estimate the oxygen content in the films. The nature

of the microstructure in these films was studied using cross-section samples in a
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wavel ength - 248 nm and pul se wi dth 25-35nsec, |aser
pul se energy (exit port) of 600-800 mJ] with energy

wa@lemsiop3ze8. 0- 4. 0J/ cn2. For dc magnet r on- sput t ePCTIYS2005/009763

deposition Ar gas of 99.999% purity was used at a flow
rate of 20 seem during deposition. A hollow cathode
electron source was used to sustain the discharge at
20016V ERYE ROTOR Higltuesohyiod éposintssion eleTirof minmsafpe JHRAEM)
el 2SS wer oSt at 300W which yields a
‘%@pﬁéﬁfﬁ’o‘p tar? SeO(?l% Onaogol‘t}dASO nrn/mn. The filnms were

anal ypRse Simples wéte dhhdal iCdt ia®asd SreBiiréoN :3@KUTorr up to 700C.
Diffractoneter equi pped with Cu-K source operating at

qui p ! \

SMsowd EM. ¢ongpst iwagirg\and BELREt (Rl omia resolution were used to
. 0 . e | S

SRR eIl Bl AREELTE FEAL 3y R N R ST

analysis ava iperfermébhsinge@ AMEQA IMISe6RYI A 10 &V LRO0AASCS Tprimary

.these films was studied ysing cross-section sanples in

iofs eyesyieh EAere) Qe aish of SSTIIDIHGN itk IS mass FeRbtion of

18068 &4/Ag M croscope (HRTEM wi th point-to-point

resolution of 1.8 A These sanples were annealed at a

base Hig.csshome tad XRI0 @tk dfche filps deposid@ion S (VB)) STedmZ

i8eretes oy R B PR e D biasiar SV, Aishi RAE

S RO T (1 A B BB

spelteringa s relatsielyr weakey peakaorzspandofg to5OK4 60 Ot the filmt he

| ut i f. 1600 .m i g. t XRD,
BRRTsH R4 N Prond Bepdg Bt bt of Hs0y o dheBn by
HIVPEhebidag pBak iRbicatet Baeie VPR ®pdsitdd vTERINS Y Shorphous. To
sputtering. A sharp peak correspondin

to
cpBfiyre thesadrphons SHUqErq GOk Th Sl iseposiied by BLIL, digh-| m

e it utterdn I elative weaker peak
AR B S ol Grry P i Bl PR EGudii s,
seétddl ingE of thd Ta/$11(060) ikedEkcd which Seswethaf e flllahicihdds is
deposi_t ed tg PLD. The broad peak indicates that the

PO dEposity ésp Wgh pesplution imasgpidhe Ta/Pd inserfacer whemgda film
i Ta film it
if R0 80 PG Pk M 1 sl I ARRS S (s

acstdmlardrivg thef antaphon stncatessefche Da filmmaJhe Gl mtshecthed iSi
10 i nterface ich shows that the filmthickness _|s

Cgsf@g%%?l_y BTpTRiE B3 P gt Hit B9 0PtRl oBiPring RO BT The
sERCtell akdd BffREEn pMREL & AD) SHowR dsanSRERid ﬁ’g.bjﬁ(b?t RsRARYS

and the structure of crystalline silicon Substrate
dfnsedgingpatieny, whithrisicliapacteristic afithephoerphatsmoaetals She
T§: iBrfabd Praifl)Snldy'al 355 YE LY Fistofe oxide layer. Fig4 is a SEM
micrograph of the Ta film deposited by PLD showing the surface morphology.

From the micrograph it can be observed that the film surface is smooth and free of
any observable defects such as voids or porosity. Another notable observation is
that even at high magnification no grains are revealed which also indicates that the
film is amorphous. The EDS on the Ta film surface is shown as an inset in Fig.4
and shows no indication of the presence of O or N in the film within its detection

limit.
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W@ au0589326 SAD) shown as an i nset

conpl etely anor phous and no regions with any | ocal
ordering are observed. The selected area diffraction
in fig. 3 (b)PCT/US2005/009763
illustrates a diffused ringl4pattern, which is
characteristic of the anorphous materials. The Ta/Si
interface is fairly sharp and free of any visible

oxi déThaggen Eoiredt ih SheafilnisW axi adsodigvespilated by BEI Rainfhighm

ERESRoL TED da RS TR phi ees g e hp oy, il 5 B8
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such as voids or porosity. "Another nota servation

ingludingtthe TefPi intetfacglat whighitihe EELS ovas warripdauhandFig. 5 (b)
eveal ed whi ch..al Lndi cat that_the film.is

SRS I S S BB W EPorh AR TS st Sndrnreas

that the $6hcenfrafidrloflO aRENSH eSinfeefabH SaCilth® thi€{orldf he film is

presence of Oor Nin the filmwthin its detection

YaryiQw angeansey brfetedieshb e KELS n The enkyi dlemsenilstegted dnside the
IR FREDRaPGR Lt EERR L Mtk Ph TAPRSE B Ha ARy ol

¢tonfinmea gl preeate ofnthd kdoiphiagetaatabunh Bgudting a¢ alidro wais no
i ncluding.the Ta/Si interface

l,. ti in the Ta fil ]
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$rREERIhERE0 the Profcrlph SPEHIRER soolI b JThiaREC 12

tdreentrdtionfofidess draa 0. hatbldc%hnt eri or of the filmis very

| ow and .cannot be detected by EELS, The qnly el enent
det echéomh%me@%Pwﬁlm& matgEal isenerglzsdse-g.hy Pelghet he

&iﬁécﬁ&tﬁcﬁﬁ r iﬂ&?afti%ﬁ%n@ﬁfén%@-%ﬂ&gﬁﬂeﬁgaﬁfl}&ddy% disdRMar
the presence of the anorphous tantalum’structure as
surfaces wgstheoandi foftberalecmetpitedd michtas dyrganadnng i kadeticaibd

EHRIRE Srionh o Fore O CuRRES G A EHORRT SR AL at diise is
SDPFRST. &t 1. CheR! MuE Sei. B, R keﬁb@@'(g%s §e-6bgt.f 2({)0@(115). The

anor phous filns, material 1s energized, by
methanisgn olibs Sermption of awprphpusth detiegPlalids suvesed to result

' . P o o di ssi i | ;
F535ASE IR S B L ko Wi
TheTs hiong)aré effédtivelyl uahdhed tinta pheihtes bk Izmy%enf b0 Bddue

tenperature that formation of crystalline phase is
gl prehiliyg This reductiondm mopgity prsyentg thedevrloprrapef any long-
0

{eie oloftiP hoedel 0k iecrbRbiyz A, SIOEIEANSE RS mliiniom can be
gasudlized by imtodygiap relaguely inymobild intpuritids dedng deposition and it
mobil.jty of Ta atqQns.on the_ substrate., The Ta ajo

15 nosiple e preyeptsbe dielopaent ff 19 FRIZE CHerig aMdnndsk Jen
ahRiFe %ﬁl@i’k%%us.

The o-Ta films were formed by pulsed laser deposition under an ultra high

vacuum <107 torr conditions where oxygen impurity content was extremely small.
The films deposited at 25°C under these conditions showed a grain size of 10-20
nm, and the grain size increased with increasing substrate temperature. Epitaxial
films were produced at temperatures of 650°C and higher. The epitaxial growth

of a-Ta films was realized via domain matching epitaxy with TiN buffer layer

where integral multiples (4/3) of lattice planes matched across the film-substrate
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their nobility. This reduction in nmobility prevents
t he devel opnent of any | ongrange ordering needed for
wo e@syps2ed | i zati on of Ta filns. This nmechani smPCENS1H5/009763
general i zed by introducing d®latively inmobile
impurities during deposition and it is possible to
prevent the devel opnment of | ong-range ordering and

m‘anfaé& Hﬁer@a&f‘d&dmmﬂ alvgrs Jestu 61, 1296 (29923, USIRmnMr e

VAGTR SoPPRE, Nhe BRERC . e Bl Proifp b7 280

c ont eRilmy\@&postdd BBk YicSh@nbtron mutehhgrwe&emﬁmhﬁﬁn@y (002)

25C under these condl ti ons showed grain size of

argeniayl fiykp phase as ﬁ’éo‘gm by thesXsay thfé@ﬂélag Péatteyntin fignrerak i Thy
BRAB Shie GIPE! AV A lold MR MES R R e

ihe mseh shcﬁwﬁmE@otyclrynsalma?eSnau&a lof gredlavilan dzﬁﬁ&hma\rwztgérg'rﬂg
it with TiN pbuffer |ayer where integr nmul.tiples
5(1% %fa argynd 3. B lowatrie eredaimeniady Qeippied 1 o) disecflon

Holch ﬁﬁ&sﬁ&gésepl rﬁh&%ﬁg ti—;%?x& %rf% 1, Se?c%@:g akd=2el&dtro 3Lé§ffra&t1on

Patent* 5,4 Nar ayan an
padtessrof a&rosé¢3p¢uonF§amlesQBQwszeY &(cﬁ@(kﬁ-)entdﬁlohaﬂsremepmlﬁp ed

RSt o £ty o 8o 0b23 e HEsifRh B i biEsetieR o Cu 1)

ﬁmﬁ ftfftﬁtgblheﬂ Rymafetfd mmaténh&*églﬁre@(;@éudoﬁeﬁagldﬁa%mge of

b-Ta frimin the figure 6 along with
ardngementiin theg®0L ep-Taiphant tier the hetatoepiumsl growth with the misfit

B4 W S R0 A B
1,389 @9J97)n the (002) direction W|th its lines fri nges

parallel to the interface. Selected area el ectron
di f f r &bt atiniag theramprplfous and pelycrysiatlingnniseastreres b g

tr AtaLL 9 )
A 4808 B PN BRI FE PR R o o
éaiplard tht)effobt of hiztdsagoina orsdiffiEibh behdvidofaln mﬁfter anneahng,
requi res pseudohexagonal atom c arrangenent in

thoppsserced upftifised 67 onrla fHew epeldsverkadaw &wmw f,wmrfhe

G114 1M G Sl SO G B f, oo s

(niﬁ)@b)f TaﬁKflms wead teamovied gvithhea emlﬁmgmgums caniting of (NH,OH
cr e cr u r.es al.l the
E&rﬁé} e FERT DS S reeles (54 bR 1 or
l?) hQuL PP @nhdfing faf GSU°COIf 30FCCHoP S tHURE bﬁ(ﬁvrpﬁ the figure 7
di f fusi on behavior of Cu. After annealing,

@) es@mmpa;red witllithe wsadeaBd samples dsishown @tothedlgyme? éhadow

AP B R e BB ieh e of s pipRpatn’ o

assist rapid diffusion and are more robust diffusion barrier. As can be seen in

figure 7, there is an insignificant change (within the sensitivity of SIMS < 10nm)
in the profile of Cu in the amorphous Ta film for both annealed and unannealed
samples and no Cu signal is observed inside the Si substrate, which points to
insignificant diffusion of Cu into the amorphous Ta films. The presence of
impurities like O rendering the amorphization of the Ta films by PLD and in
diffusion of Si into the film can be seen in the SIMS profile for both annealed and
un-annealed samples. Similarly, the SIMS profiles for the diffusion of Cu in
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on top of Ta filns were renoved with an etching agent
consi sting of (NH4CH (20m); H2O2 (20 m ), H20 (10

woregop/ 09866 profiles for Cu diffusion in anor phBOEUIR05/009763

after annealing at 6500C 3G0C for 1Hr are shown in
the figure 7 (a) and conpared with the unanneal ed
sanpl es as shown in the figure 7 (b). Anorphous fil ns
poaynry&gmahm I'ptimisitor |anmaladfandhmamteamd spaapled ach showsi io mhe

f.f bus
57 ) OB e Rhecblop s g Bei e TPyt iro v Bher
ﬂ%?stzﬂﬁﬁé g édﬁ@d[ﬂﬁmg %ﬁﬁﬂ Bottratiby, wvlﬁélfcoiﬁealtﬁé Wiy s

in the profile of Cuin he anorphous Ta

With thefsubstm Rerae n%afaéadréfmslourpaﬂm dexl fé@ Significany dififepieroof
n th bstr at

i€l BRI Rling TR b Gt 1R B B 0k e

to ramigah@mt iharehbd #Ehe Ehalg@ale&m}faeem théPkninbalesd sdrhe O
rendering the anorphization of the Ta films by PLD and

ingidgila ﬂl@? oﬁlgafﬁcglt inpreasergf Cursignpl insiderfhe Seatbsirate ghe

r.Qf I
&1 18 tlgé \?naF-x A a'?rr@ét i %ﬁfc}s&%ggﬁﬂ? fﬂé;k}(?%yrgﬁ?rﬁizﬁu81on of Cu
1d|;foiymsystalllnm‘ Taﬁllrmsn piiieypeakssinahd SIMS Peofiles avs observed due to
nneal ed, and neal ed sanples are shown in
gtk eée@e%lyn Sgield G Signeiin T SRS Sermirtees, Afgphous 13
b SRR si 1ﬂ¥‘5 gqgssm?ffﬁ(s(i&ﬁ/ St @h b & f[}dr&l'ﬁ) the

cont di ni ng gr al boun aries, which connec
mlperysagitins Taffilhs.t he substrat e, serve as a fast

di f f ths for Cu i f i ff
Che. aitBRIoBAn J2n Aerp et T4 S5 was 70 rdtied ioefRahs "
iﬁ?agﬂl& AMdEHLY, bESrotide ch@nRaBddiipositioahd iffefRaRm dn)

si gnal conpared to the unanneal ed sanple inside
Hending dherac@iigidst iSc dopatim 8k bdsanysfookul. Nagayan, ands@ daugcher,

Brgt B T T A AERRDEC P BB P iR o

eaty @I> 650°0)/8¢ sakaplk iahAdaled T €50e@ Ksr 1 Hr here3hdprobe

rofiles are observed due to the differences in the
wEd by)fhecglrécéﬁog tpadmwas Fearmad agossithe diaddms todefeeibuSuTa

f.0 I igf+l\C
MO8 A0S Pt 8L Aol
forp31Be, ml’iﬁltcilhlaiiﬁ’uéian fenkth ofabe alrgaled hmrbrlﬂrdmwsarhple is around
Z-contrast imagin nd EELS, whjch provi 3 ehrp 3
Enposingifas diffisipn Soudiesdaeder A w8 fir¥jal sodium chioride

i i
ﬁgﬁgﬁg EQN fﬁ\gfs é? nﬁéarrl?qw 1ﬁag&§% te%hmﬁs@ m&g%‘glml]lar d1£f?%1§n
Keﬁ@tm)f lﬁnrglfoueth@ gven s¢ropeatiiteeand-tidon t. ¥ ang, dadeweli, XdTa

e, o b o ARy Ser L AGPLE G oo ok T €

AEIARE pebPedivel ThRP phides] SR cahhR debkribed as close-packed

arrangements of Ta atoms with smaller N atoms inserted into interstitial sites,

have significantly higher resistance to Cu diffusion than does the pure Ta metal.
However, amorphous Ta films deposited by PLD lack interstitial sites and are as
effective diffusion barriers as single crystal TaN films. Hence Ta films deposited
by PLD can eliminate the issues of using different precursors and techniques to

achieve stoichiometric TaN and the variability in the resistivity behavior of
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signal with EELS as shown in Fig. 9(b), where the Cu-L
edge onset corresponds to 93leV. The total diffusion

wo eovgiods2ed t he anneal ed anor phous sanpl e is arpOMUS2005/009763

10nm Simlar diffusion studies done for the single
crystal sodiumchloride structure TaN films by simlar
STEM i magi ng techni que showed simlar diffusion | ength
vdﬁousmmmme’srchm bgjhvkaded. Ehamatiud Kellngkt dnded. N Resgnegel,

Z Kvit, and J . Narayan, J.
:)Q%fy§2)&@t ?8&%@0&1}453 (2002) From a structural
per s A8 tabBphoh @ by RGBS Ta With GVhs F8ihdX0 HEGEMId et HD C,

cl ose- packed arrangenents of Ta atons with snmaller N
ahovnwhich g filaw stastsdo resrstallize asshowntie the HRTEM image of

MR v hi )  diffusi
<Bgied FERR PR 10 SRS pR0Ent J it Kl ol AR
afRIPStEIuk @eld Pyl Tyalyﬁlallﬁt@ Krai filig fshibweéd sibniSicieslifindormotCadn Ta
effective ditfusion barriers as single crystal

S 0.1 FERGEICTCHD BT BRSSP GIToBgDALES S ey Sl o Blms.
ohifle bSOkt Shil Bl ALERELARAAY b mdfures over

niques to achieve stoic tric TaN
80arC ahd ho significanthiiffesien ef ¢opperyintredingle-orystdl Tatfilmg v@s! N
hases"can be avoided. H Kim A J . Kellock, and
S§VCRossnagel , J. Appl. Phys., 92 (12), 7080 (2002).

The aFpIRRPHR Hbi'é§ iPhheli r-'z;édfchlcﬂi‘té’%? fdtergénbRtibe

stable up to 700C, above vvh ch the filnms starts to
deeiveybireict lazas ako @laywmgmﬁtm roIRTHEROVenEige thef resistindt @fd

Ta fil F 10. SB t
PRSPt B DRGNS P A TP 20354
thé l’éﬁstﬁﬁg Werthvidr 98 ﬂfe‘ ARt Fidré 485w Ohe E4istivity Behdvidh in

and strate due to grain boundary diffusion. The
the mgm;mmtm;cmage of 4 2£300Ksof theamhephouhBim Eeoven byBER and 9hd

i R S S A e

tzﬁ‘l Edabu¥® cYéErficieRSsT fré@ﬂ}wﬂ/'QTCmﬁluEthEi@asjlﬁilmtystallmh ¢ilms
tpegrated circuits for future generation devic

ﬂb@wﬁ"éﬂme% behavins. Simijardragsigany indhnT CRopedayigr from
1% \réegtltonp%élinvg have e%[‘l 0}55 ecpérebl%flﬁ§;cpm iz, R. -IX'ERoy, andJ. J.

ur es O ers pla
Cﬁmﬁé LRAppE Bhgs. 78 (DS Telgi(5393Y, which edrahe attnhmlted lh@hange in

Il ms. Figure 11 shows the smhwt&@?l ehayj thn
‘théﬁﬁéfﬂéﬁ'iw%mﬁafféé nggatiys T86% 1@?’10{ b B\%ﬁ Y to the
%ﬁy\@ Yo bl {meﬂcéléé%}{-%ie%{)h Aefablidh ﬂrtﬁé’\ﬁbzsmfn twihech

fe armrp ous Tilms exhibit negative tenperature
kaveftiees besetvedfin sesia biher metdl TER) alloys. A iflewsoas D. Greig,

B . AR AT B BB R Ry o
~220pQcm, H. Kim, A. J. Kellock, and S. M. Rossnagel, J. Appl. Phys., 92 (12),
7080 (2002), the resistivity values of amorphous Ta films produced by laser
ablation is in the range of ~275uQcm at room temperature and decreases at higher
temperature due to its negative TCR behavior to satisfy the constraints of delays
in interconnects. The room-temperature resistivity of a-Ta was determined to
vary between 15-30uQcm as the microstructure changed from single- crystal to

nanocrystalline materials.
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negative to positive have been observed previously, P.
Catania, R A Roy, and J . J . Cuono, J. Appl. Phys.

WO 20068352645 July (1993), which can be attri butedr/82005/009763

change in the crystal strud8ure. The negative TCR
behavi or in anorphous filmis due to the weak

| ocal i zati on and enhanced el ectron-el ectron

| Nt enagdipRGus, ﬁaﬂd&@sﬁlﬂﬁie,eﬁ&?)&ﬁyaﬁnhha\aﬁd biagle-apselr Teflnn
several other netals and alloys. M A Howson, D. .
werepigdugadyby pulaed laser depositiongnd domagnetren syHEARSG tchaues.

e . AT NI isst i ' Aniqhes
iy ipblol shd gk hnhiSOA Y UEMniglos Bpschaiah
coifdm theQsRrdsR08m)e, oftthse fibins.SThe/fdrmatien ubamafphawsoFpisous
Ta filnms produced by | aser agl at,i oa Is.1n e range of
linkedstofRcmamouph Ay B RFRHYGeE AYHRAS JERISHRTe I NG OXNE her
a&ﬁﬁ@@%ﬁé‘ orfY8call§ ahd ?g&%&%é WBuchiR 1R 8stAMshing a long-

sati sty the constfain f delays in interconnects.
riige ardamSingiperyatalTe filres pw siligpn wersf stablawithdgmperature over

rm.ned to, var, et ween -3 m%[@, s. th
gﬁ’o‘églrwwgo‘gf%@w rf"f’rgﬂf"l@izﬁ(g?te- c¢§7‘§{1 3?0\{60 The
rBARREE ML R lekddts TR R teRpSrafi®F 86 U5 0-308KP sigwaddabobinne,
pol ycrystalline and single-crystal Ta filnms were

tempetatsieelvalyesgalbe d §-30a58rcra Epss T i 189-200c GeemmiyrikT s apd
AL RO el SRR RaR g1 o

TLAAP-H S2rERAD Edbd Pditilieanigls tHasdietistic aletdllie bendvidrwhile
The formation of anorphous Ta is linked to trace

BOR dorta-Bh wos pegative shararierssis of highntgsigepbsdisorgpred metals.

.at { . T N . )
L
P8l Br torbest fat suparibi diffasion bairiel than pobyceyssdl e Ea filmshwhere
tenperature over 800C, while agg{ phous Ta fil s hots
graigrbpypdaties peryided Wﬂéé‘fg@ﬁﬂo%% T pRRP e SOSEY Fr £YOP
ﬂlﬁl@ﬁl‘ﬂé flERd §1é)'eﬂ(nt &]ﬁuéi@ﬁ"@ﬁfp@ftiéﬁ QfteaR st g%zaﬁoxgﬁ)@?()bT.

showed roontenperature values to be m Wcm f or
"Bhukasingi8 @rRd andamnrphons Ba fikmaeamiisel with low yesistivityof o-
a-Ta.  The tenperature coeffjigcient of.resistivi CR)
Toproxidens cxpaiegt et B¢ Fa e pbisBR AL dfioh
Shaditntesdisdionid®iyREs.i ¢ behavior, while TCR for a-Ta
was negative characteristic of high-resistivity

di sordered netals. The diffusion characteristics of
Cu/ Ta/ Si | ayers showed anor phous Ta and singl ecrystal
Ta to be a far superior diffusion barrier than
polycrystalline Ta filns where grain boundaries

provi ded rapid di ffusion paths for copper. However,
anor phous structure lost its superior diffusion
properties after recrystallization at 7000C. Thus,

single crystal and anorphous Ta films conbined with
lowresistivity of a-
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Ta provide an excellent solution for Cu diffusion
probl emin next-generation silicon mcroelectronic

walenwsoered. A tantal um film having a nanocrystBtT/UR®05/009763

m crostructure as charactenpzed by a broad x-ray
diffraction peak at 2Q= 38 and conti nuous el ectron
diffraction rings. 2. The tantalumfilmof Caiml,
WHATEIS CLAGMEDIS8) umis a-tantalum 3. The tantal um
filmof aim1, having a resistance of 30-50 mWcm
4. The tantalumfilmof Caim1, having a net

di ffysion \dj {aiﬂ?ﬁ iS5 3 nhAGRystliRehAdb&fucaiteagl i ng
vvitth'coppeA(rjﬂag a ?‘é‘?r%‘é%lggﬁﬁe be¥vveeln 656— 750C for 1

chabicterized by 4 ohdikay diffravtion peaigat2Os+ A%l andopgnugus
m crostructure as characterized by an x-ray
elertren difipQiongEgR- at 2Q= 55 and characteristic (100)

spot odi f f \'Alzlekérﬁilumﬁlh%ffclaﬁa 1, PRerbianh@taupildrh s entalum.
Claimb5, erein the tantalumis a-tantalum 7. The

t ant 8l um fIihenamdlGhafilm & Claiw it thpving axssistaapeof §0-503.3gm.

mMVcm 8. The tantalum filmof C aim5,  having a net
di f f dsi on Thiedantplam igm offslain ﬁa‘?ﬁ"i@ %Pﬁté’f*&%ﬁmfa @neg oy

. U CRARE B L TRGHALALIEE: Rl thBraRR0bdSAGn b50°-750°C
lé@ﬁ%ﬁl}arnﬁ . ,g;ﬂ?lfant g%lu | n(wsqﬁ)a]{/i ng a? grmr phous
fot cheat ructure as characterized by a diffuse x-ray

diffracti k af . 30-35.and a diff ing i
the. & et rhfnbm deubivEg et fos oM Eai 4P

i L, § | gt afch#@bedsti t
AL A N
diitfaktion pattegih.st ance of | ess than 10 nm after annealing
wi th copper, at t epper te between,650- 7150C fC
nour 6.2 JherardEn B PO g SPPAt E AR vianthum.
conpr4 si ngy e t5 fhBing @ BdsisBaRkloy,15-30 pQ cm.
pr ehe—}ati ngn%eﬁté&\sﬂlfﬁ?g%tefeé}%?g\ru di rrlf%; a Svacuur(r)1 charrblér;
adj usg.i ng THeraaaR@s fitrh eNChamayhtdng 2 nehdiffosion distance of

substrate paraneters as necessary to achieve t 5 o
lggssthare t0 nﬁl?ﬁf@g aanealipg with gapper at a Yemperature between%%O -750°C

for 1 hour.

o. A tantalum film having an amorphous microstructure as
characterized by a diffuse x-ray diffraction peak at 20 = 30-35° and a diffuse ring
in the electron diffraction pattern.

10.  The tantalum film of Claim 9, having a resistance of 250-275
& cm.

11.  The tantalum film of Claim 9, having a net diffusion distance of
less than 10 nm after annealing with copper at a temperature between 650°-750°C

for 1 hour.

12. A method of forming a tantalum film comprising:
providing a substrate;
optionally, preheating the substrate;

providing a vacuum chamber;
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depositing the tantalumfilmon the substrate in the
vacuum chanber at an operating pressure of 10 4 -

wo a30942¢3 a et hod sel ected fromthe group conBCBHUBING5/009763

of chem cal vapor depositizn, thermal evaporation,
(accel erated) nol ecul ar beam epitaxy, atom c-1|ayer
deposition, cathodic arc, |aser assisted, netal
or ganfustpiedberdennsiionparmesgss;cchamberand; syhstipie parameters as
deposi.t | d ifion. .13. The met hod
of C g&rﬁ%ﬁ?%ﬁ@%&?%%@%p@%&% nﬁwﬁggggure i s between
1(TS5 depitihg tHotantahind filnhloa thesubewatefin tHeaiabiidd chivhibsreit an
the method is pul sed I4aser_10%eposi tion_or nolecul ar

[

beam BRFTEUBEPIERYTE Hel 4 asH ¥ 2apfthad wdeqes hpmdhespyp
densi LynsQking o? _chél'gjcﬁﬁ{ra‘bﬂ} aerpo%on,-r {Px@rrﬂﬁ_te@%gor?{img (BdBerated)
1 e I's pulse

4, wherein said posrtion paraneter

dur at motecalad beam apljtarst atdntiolayer &Positinnsedanditsarc,liBser The
met hod of Cl aim 14, .wherei n sai d, deposition parajpeter.
s weduHsy ATl QR RifA FRPE PERIGRESHE thAm dpposition
The meide@s@f 1addr AePdslifon. Wherei n the substrate is
preheated to a tenperature of between 100 to 2000C and

t ant al®&m f iThemespdofiKdpisr t3, sthgrdin fhe aperatios preseatgrie.

18. T hod of Claim17, wherein the operating
pressure of the vacuum chanber is 10 7 - 10 10 Torr.
197 —Toe? wetrhod of C aim 12, wherein the substrate is
epitaxially grown and is &reheated to a tenperature of

600 t &4.7500be aethadraf Glaint b2, svherdin fetaethed & pidged laser
R RS S i g e B AL AR,
tensit9 of 2-5 jbAlesRmFor r .

15.  The method of Claim 14, wherein said deposition parameter is
pulse duration and is adjusted to 10-60 nanoseconds.

16. The method of Claim 14, wherein said deposition parameter is
wavelength and is adjusted to 193 to 308 nm.

17.  The method of Claim 12, wherein the substrate is preheated to a
temperature of between 100° to 200°C and tantalum film has a nanocrystalline
microstructure.

18.  The method of Claim 17, wherein the operating pressure of the
vacuum chamber is 107 - 107° Torr.

19.  The method of Claim 12, wherein the substrate is epitaxially grown
and is preheated to a temperature of 600° to 750°C and the tantalum film has a
single crystal microstructure.

20.  The method of Claim 19, wherein the operating pressure of the
vacuum chamber is 107 — 107° Torr.

21.  The method of Claim 12, wherein the substrate is 20°-30°C during
deposition and the tantalum film has an amorphous microstructure.

22. Thé method of Claim 21, wherein the operating pressure is 10™ —
107 Torr.
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2 1. The method of Claim1l2, wherein the substrate is
20-30C during deposition and the tantalum film has an

wherein the operating pressure is 10 5 - 1Q 7 Torr. 23.
A'iid b lectrdhlc device having a silicon substrate, a
tantalum fil mdeposited on the silicon substrate and a
coppéB. | aymidibelgosinic devitemvirg silicon fubktmate yhian@hun film

he.tantal um.fil mhas an, anorphpus m crostructure, 24
oo Jirtas Tican Sio0ye Bt hEvARY Ao e o8 iR hht .
WiRiA i Rahialuh HER RS a@ﬁn&?h&&qnﬁkéshﬁ@tﬂréubst rate and a
copper |ayer disposed on the tantalumfilm wherein

t he t24nt alAimiéiotlertnenic deviemhayingsa silicemgubstrate, a tantalum film

BpPl@3en 5 lifon Ssulte TnFAPGRRF bR SR pETHO R afn i

Whdréifi @i ababing &l hadd dardcBRPMae hRy®trubiugposed on t he
tantalumfilm wherein the tantalumfilmhas a single

cryst® nif Pieopigeirenie devies haying aiuliensubstrate 3 igntalim film
¥-1i . 1 f .
dgg@&éh '?)ngﬂisexﬁgéﬂ &:%P'Ezgné,salifx Q%oﬁﬁég &é}?%‘ rﬂ{speéedﬂéﬂ\égg IiaéJﬁMn

posite ween ico ate an
filan twdbleretin fhieltantaldim filtn hatdwieklotrys@pmidrostngtiaet ant al um

o ebelRlof OIS b e e Bt Biterdsvening
ﬁwﬁﬁm@e Bited BN BLAEE bl Sithg@lahy ?Aia hedibf film.

anor phous ‘format a tenperature t hat ormation o
crystdl | i nk medasiofi depsdithyy £matathim 2iin ohhaesubettdie dombrising
ecr:lleragiizrﬂlf,g t(.sh'e tamrdlqtglﬁlreli; r(]ieggsiit(ljngt tﬁgpa%{ &mu rog ai SISJbSZtIQa_teg %918: quenching the
tantalum to kinetically trap the amorphous form at a temperature that formation of
crystalline phase is suppressed.

28.  The method of Claim 26, wherein said temperature is 20°-600°C.

22. The et hod of QEi/MBRD5/009763



